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Background

« Otolith organs detect both gravity and linear acceleration and these must be
disambiguated for accurate perception.

* It has been reported that:

o Subjects without vestibular dysfunction show similar sensitivity to earth-vertical
and earth-horizontal motions (MacNeilage et al., 2010).

o Complete bilateral vestibular loss patients display a larger impact of vestibular
loss on earth-vertical superior-inferior translations than earth-horizontal inter-aural
translations (Valko et al., 2012).

* This suggests that the use of vestibular thresholds for accurate identification of
vestibular dysfunction is dependent on orientation relative to gravity.

 Our goals are to comprehensively assess the impact of translation perception by the
direction of (1) motion relative to the head (i.e. otoliths), (2) motion relative to gravity
and (3) head orientation relative to gravity.
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Methods

» 12 healthy subjects from 21-37 years of age (mean = 27.0).

* Perceptual thresholds were determined using standard methods in a Moog 6DOF motion
platform.

» Assessed 1 Hz vestibular thresholds for inter-aural (y-axis) and superior-inferior (z-axis)
translations in three orientations: upright, ear-down, and supine. Across these six
conditions, test orders were randomized to the extent possible.

* Repeated measures analyses were completed to assess our three hypotheses.
Comparisons of thresholds were performed using an ANOVA with one random factor
(subject) and three fixed factors (motion relative to head, motion relative to gravity, head
orientation/tilt) using an unbalanced design.

» Two different analyses were completed to assess if contributions of head orientation
were due to absolute orientation or orientation relative to upright. In Model A, “*head
orientation” was included as three levels: upright, supine, ear down. In Model B, "head
tilt” was examined by combining supine and ear-down into a single category of “tilted 90
degrees”.

* Post hoc pairwise testing was completed with Bonferroni correction for multiple
comparisons.

» Eta-squared was computed to assess the proportion of total variance of thresholds
associated with the three fixed factors. Partial eta-squared was also assessed in which
effects of other independent variables and repeated measures were eliminated.
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Figure 1. Thresholds for 12 subjects for 1 Hz inter-aural (y-axis) translation on the left and
superior-inferior (z-axis) translation on the right. The logarithmic means are shown due to
ognormal distribution of thresholds across subjects. Qualitative impact of our three
nypotheses (H1, H2, and H3) are graphically represented immediately below figure with
plack downward arrows Iindicating a predicted decrease In thresholds and red upward
arrows indicating a predicted increase Iin thresholds.

 Significant main effects were seen for each factor in repeated measures ANOVAS
representing our three hypotheses (“Motion re head,” "Motion re gravity’, "Head
Orientation”). This was true when “head orientation” was included as three levels
(Model A) or “head tilt” was included as two levels by combining ear-down and supine
(Model B). Marginal means and p-values with the associated ANOVAs are in Table 1.

« Qualitative predictions of the impact on thresholds by our three hypotheses, as depicted
In Figure 1, match the patterns of thresholds seen across subjects.

« Pairwise analyses supported all three hypotheses:

o Hypothesis 1 "Motion relative to head”: Inter-aural (y-axis) thresholds were lower than
superior-inferior (z-axis) thresholds (t=4.02, p<0.001) across body positions.

o Hypothesis 2 "Motion relative to gravity”: Thresholds for earth-vertical motions parallel
to gravity were significantly higher than for earth-horizontal motions perpendicular to
gravity (t=6.38, p<0.001).

o Hypothesis 3 "Head orientation”: Upright thresholds were significantly higher than
supine (t=4.08, p <0.001) and ear-down thresholds (t=4.58, p<0.001) while supine
and ear-down thresholds were not different from each other (t=0.02, p=0.968).

Mean

Factor Threshold

Motion Y-axis 1.054 cm/s
re head Z-axis 1.352 cm/s

Fo56= 16.153, p=0.0002 | F; 7= 16.442, p=0.0002

LCUEUNN Earth Horizontal 0.998 cm/s | ¢ 40682, p<0.0001 | F,, s7= 51.893, p<0.0001
re gravity Earth Vertical 1.593 cm/s | |
Head Upright 1.067 cm/s
Supine 1.096 cm/s | Fuse= 13.048, p<0.0001
Ear-Down 1.445 cm/s
Upright 1.067 cm/s
Tilted 1.270 cm/s
Table 1. Marginal means and associated F statistics. Both repeated measures ANOVA
Included subject as a random factor and three fixed factors. In Model A, "head orientation”

was three levels (upright, supine and ear-down). In Model B, “head tilt" combined supine and
ear-down thus yielding two levels (upright, tilted 90 degrees).

Orientation

Head Tilt

F(1,57): 26562, p<00001

Results

Factor Eta-squared Partial Eta-Squared
Motion re head

SN \otion re gravity 0.283 0.401
Head orientation 0.182 0.301
Residual 0.423 o

Motion re head 0.105 0.211

VNI \iotion re gravity 0.332 0.457
Head tilt 0.170 0.301

Residual 0.393 —

Table 2. Eta-squared and partial eta-squared values for both models. As partial eta-
sqguared is the ratio of variance associated with an effect to that effect and its associated
error variance, a residual value cannot be represented.

* Analyses assessing impact of “head orientation” (Model A) and “head tilt" (Model
B) on thresholds both showed significant effects and effect sizes were similar. This
suggests that variance in thresholds is mainly impacted by head deviation from
upright and not absolute orientation of the head.

 Effect sizes were similar in both models. Eta-squared values indicated that motion
relative to the head, motion relative to gravity, and head orientation/tilt each
account for ~10-35% of variance with ~40% of variance explained by other factor
(e.q. Intra-individual differences).

 Partial eta-squared values indicated that all three factors contributed roughly
equally and explained 20-45% of the total variance in thresholds.

Conclusion

* Translation thresholds are impacted by (1) motion relative to head, (2) motion relative
to gravity, and (3) head orientation/tilt from upright.

o (1) Translation thresholds are lower for inter-aural head axis (y-axis) than
superior-inferior head axis (z-axis) motions, possibly reflecting reduced size of
saccule relative to utricle and reduced sensitivity of the saccule than the utricle as
reported in primary afferent recordings.

o (2) Earth vertical (i.e. parallel to gravity) translation thresholds are significantly
higher than earth horizontal (i.e. perpendicular to gravity) motions suggesting that
the nervous system must compensate for the presence of gravity

o (3) Thresholds tilted from upright (i.e. supine or ear-down) are significantly higher
than upright possibly reflecting increased sensitivity in upright as humans
experience ecological motion in this orientation more frequently.

* Further data will be obtained at 2 Hz and in complete bilateral vestibular loss to
confirm and expand upon current findings.
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